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Abstract
The PP-wave/SYM proposal in its original form emphasizes a duality relation between
the masses of the string states and the anomalous dimensions of the corresponding BMN
operators in gauge theory, the mass–dimension type duality. In this paper, we give
evidence in favour of another duality relation of the vertex–correlator type, which relates
the coefficients of 3-point correlators of BMN operators in gauge theory to 3-string vertices
in lightcone string field theory in the pp-wave background. We verify that all the available
field theory results in the literature, as well as the newly obtained ones, for the 3-point
functions are successfully reproduced from our proposal.
1 Introduction
In this paper, we continue the study of the correspondence [?, ?, ?] between 3-point
functions of BMN operators in N = 4 Yang-Mills theory and 3-string interactions in the
pp-wave lightcone string field theory.
The pp-wave/SYM proposal in its original form [?] emphasizes a duality relation be-
tween the anomalous dimensions of the BMN operators and the masses of the correspond-
ing string states. Much progress had been made in verifying this relation in the planar
limit of SYM perturbation theory [?, ?, ?], and at the nonplanar genus-one level [?, ?, ?, ?]
also incorporating important effects due to mixing of the planar BMN operators. Further
investigations of the BMN sector in SYM were carried out in [?, ?, ?, ?, ?, ?, ?, ?].
The mass–dimension type duality relation was clarified and extended in [?, ?, ?] where
it was expressed in the form
However, one can argue that if the the relation (??) was all that there is in the pp-
wave/SYM correspondence, this would not add much to our understanding of neither the
interactions of the massive modes in string theory, nor to the gauge theory dynamics in
the large N double scaling limit. It would also be rather unsatisfactory esthetically. Recall
that in the original AdS/CFT proposal, in addition to the relation between the masses
of supergravity states (and their KK towers) and the conformal dimensions of the dual
operators in SYM, one could also compare directly the correlation functions in gauge
theory with the bulk interaction vertices [?, ?] using the bulk-boundary propagators.
Since the pp-wave/CFT correspondence can be considered as a particular limit of the
AdS/CFT correspondence, it is natural to suspect that similar vertex–correlator type
duality relation will hold in the pp-wave/SYM correspondence. Since the attmepts so far
[?] of uncovering similar to the AdS/CFT holographic relation turned out to be extremely
difficult and somewhat unfruitful, there is a need for a different route to establish a
dynamical vertex–correlator type pp-wave duality (if any). In this paper we will use the
large body of recently derived detailed field theory results for BMN correlation functions
as the ‘experimental data’ for building up a theoretical model of such a relation.
An important observation that the 3-point function in a conformal field theory takes
a universal form was put to use in [?, ?]. In conformal theory, the two- and three-
point functions of conformal primary operators are completely determined by conformal
invariance of the theory. One can always choose a basis of primary operators such that

















where x212 := (x1−x2)2. Since the form of the x-dependence of conformal 3-point functions
is universal, one can identify the coefficient C123 with a ‘coupling constant’ of the three
BMN states in SYM. It is then natural to expect that C123 is related to the interaction
of the corresponding three string states in the pp-wave background 1. Using the operator
product expansion, this 3-point relation will then serve as the building block for a string
interpretation of n-point BMN correlators [?] in short distance limits.
A few general remarks are in order:
1. We note that it is an essential part of our proposal to use on the SYM side the
BMN operators defined in such a way that they do not mix with each other (i.e. have
definite scaling dimensions ∆) and which are conformal primary operators. The BMN
operators defined in this way will be called the ∆-BMN operators. Conformal invariance
of the N = 4 theory then implies that the 2-point correlators of these ∆-BMN operators
are canonically normalized, and the 3-point functions take the simple form (2).
2. The relation (??) can be understood as the equivalence of the spectra of the
operators or in a stronger form, as an operator equation. To establish the latter, one
would have to first establish an isomorphism of the field theory and string theory Hilbert
spaces, and then compare the matrix elements of the operators in (??). This point of view
was adopted in, e.g. [?, ?], where certain modified BMN operator bases were considered.
Each of the two bases of [?] and [?] was reported to be isomorphic to the Hilbert space
of bare string states, i.e. the basis which one uses to write down the tree-level 3-string
vertex. By construction, the bases of [?, ?] were not the eigenstates of ∆, and hence
different from the ∆-BMN basis which we use here. Because of this, each of the bases of
[?, ?] was made orthonormal only at the free field theory level. However at the interacting
level (λ′ 6= 0) the 2-point functions of the operators in [?, ?] will contain a non-universal
logarithmic coordinate dependence. It is not clear to us how to remove this dependence
from the 2-point functions and to define a coordinate-independent overlaps, unless one is
using the ∆-BMN basis, where the coordinate dependence is universal, i.e. dictated by
(1).
3. In this paper we are not attempting to construct the isomorphism between the
states in string theory and in the BMN sector of SYM. For example, our ∆-BMN basis2
is not isomorphic to the natural basis of bare string states. Our proposal is, instead, to
1There is also a more technical reason for this relation: we will show in Section 3 that all the available
SYM results for µ(∆1 + ∆2 −∆3)C123 can be expressed entirely in terms of the natural pp-wave string
theory quantities, such as Neumann matrices, oscillation frequencies etc.
2It can be used, however, and is well-suited for calculating the spectum of (??) on the SYM side.
2
